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(54) System and method for seismic surveying using distributed sources

(57) Disclosed are methods and systems for marine
surveying that use electrically powered seismic sources
that are distributed at spaced apart locations. In one ex-
ample, a marine seismic survey system (2) comprises:
a survey vessel (4); a plurality of seismic sources (10)

configured to be towed by the survey vessel (4), wherein
the seismic sources are electrically powered and are dis-
tributed behind the survey vessel at spaced apart loca-
tions with a spacing of about 50 meters or more; and a
plurality of sensor streamers (12) configured to be towed.
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Description

BACKGROUND

[0001] The present invention relates generally to the
field of marine seismic surveying. More particularly, in
one or more embodiments, this invention relates to meth-
ods and systems that include using electrically powered
seismic sources that are distributed at spaced apart lo-
cations.
[0002] Techniques for marine surveying include ma-
rine seismic surveying, in which geophysical data may
be collected from below the Earth’s surface. Seismic sur-
veying has applications in mineral and energy exploration
and production to help identify locations of hydrocarbon-
bearing formations. Marine seismic surveying is typically
performed using one or more "streamers" towed below
or near the surface of a body of water. The streamers
are typically cables that include a plurality of sensors dis-
posed thereon at spaced apart locations along the length
of the cable. The sensors may be configured to generate
a signal that is related to a parameter being measured
by the sensor. A seismic source may also be towed
through the water by the same or a different vessel. At
selected times, the seismic source may be actuated to
generate, for example, seismic energy that travels down-
wardly through the water and into the subsurface rock.
Seismic energy that interacts with interfaces, generally
at the boundaries between layers of rock formations, may
be returned toward the surface and detected by the sen-
sors on the streamers. The detected energy may be used
to infer certain properties of the subsurface rock, such
as structure, mineral composition and fluid content,
thereby providing information useful in the recovery of
hydrocarbons.
[0003] Most of the seismic sources employed today in
marine seismic surveying are of the impulsive type, in
which efforts are made to generate as much energy as
possible during as short a time span as possible. The
most commonly used of these impulsive sources are air
guns that typically utilize compressed air to generate a
sound wave. Other examples of impulse-type sources
include explosives and weight-drop impulse sources. An-
other type of seismic source that can be used in seismic
surveying includes vibrator sources, including hydrauli-
cally powered sources, electro-mechanical vibrators,
electrical marine vibrators, and sources employing pie-
zoelectric or magnetostrictive material. Vibrator sources
typically generate vibrations through a range of frequen-
cies in a pattern known as a "sweep" or "chirp."
[0004] While air guns are the most commonly em-
ployed sources in seismic surveying today, there are sev-
eral limitations with these types of sources. Air guns are
typically supplied with air from compressors on the vessel
through a line, commonly referred to as an "umbilical."
Due to pressure losses in the umbilicals, there is a limit
to the practical length at which the air guns can be de-
ployed from the vessel, normally about 300 meters.

Moreover, the size of the umbilicals (normally about
60-70 mm in diameter and about 300 meters in length)
needed for conveying sufficient air to the guns also limits
the lateral offset that can be used for the air guns due to
drag on the umbilicals. Thus, there is a need for improved
seismic surveys using other types of seismic sources
without the limitations of air guns.
[0005] In accordance with a first aspect of the present
invention, a marine seismic survey system comprises:

a survey vessel;
a plurality of seismic sources configured to be towed
by the survey vessel, wherein the seismic sources
are electrically powered and are distributed behind
the survey vessel at spaced apart locations with a
spacing of about 50 meters or more; and
a plurality of sensor streamers configured to be
towed.

[0006] In accordance with a second aspect of the
present invention, a marine seismic survey system com-
prises:

a source cable having a length of at least about 1000
meters;
a plurality of seismic sources, wherein the seismic
sources are electrically powered and are distributed
at spaced apart locations on the source cable with
a spacing of about 100 meters or more; and
a spread of sensor streamers, wherein the source
cable extends along the middle of the spread of the
sensor streamers.

[0007] Typically, at least one of the seismic sources
comprises a seismic source selected from the group con-
sisting of electro-mechanical vibrators, electrical marine
vibrators, electromagnetic sources, sources employing
piezoelectric material, and sources employing magneto-
strictive material.
[0008] Typically, the system further comprises an on-
board system comprising a power supply, and wherein
each of the seismic sources comprises a power modu-
lator configured to receive direct current power from the
power supply and convert the direct current power to
modulated current power.
[0009] In accordance with a third aspect of the present
invention, a method of marine seismic surveying com-
prises:

towing a plurality of electrically powered seismic
sources from a survey vessel, wherein the seismic
sources are distributed at spaced apart locations
with a spacing of about 50 meters or more;
actuating the seismic sources;
towing a plurality of sensor streamers; and
detecting seismic energy generated by the seismic
sources,
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wherein the plurality of sensor streamers are preferably
towed by the survey vessel.
[0010] The plurality of electrically powered seismic
sources may be provided by a system according to the
first or second aspect of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] These drawings illustrate certain aspects of
some of the embodiments of the present invention and
should not be used to limit or define the invention.

FIG. 1 illustrates an example of a marine seismic
survey using electrically powered seismic sources
that are distributed at spaced apart locations.
FIG. 2 illustrates another example of a marine seis-
mic survey using electrically powered seismic sourc-
es that are distributed at spaced apart locations.
FIG. 3 illustrates yet another example of a marine
seismic survey using electrically powered seismic
sources that are distributed at spaced apart loca-
tions.
FIG. 4 illustrates an example of an electrically pow-
ered marine vibrator.
FIG. 5 illustrates an example implementation an
electrically powered marine vibrator as towed
through the water.
FIG. 6 illustrates an example implementation of an
array of electrically powered marine vibrators as
towed through the water.
FIG. 7 illustrates another example implementation
of an array of electrically powered marine vibrators
as towed through the water.
FIG. 8 illustrates an example implementation of an
electrically powered seismic source coupled to a sur-
vey vessel.

DETAILED DESCRIPTION

[0012] The present invention relates generally to the
field of marine seismic surveying. More particularly, in
one or more embodiments, this invention relates to meth-
ods and systems that include using electrically powered
seismic sources that are distributed at spaced apart lo-
cations.
[0013] FIG. 1 illustrates a marine seismic survey sys-
tem 2 in accordance with one embodiment of the present
invention. In the illustrated embodiment, the system 2
may include a survey vessel 4 that moves along the sur-
face of a body of water 6, such as a lake or ocean. The
survey vessel 4 may include thereon equipment, shown
generally at 8 and collectively referred to herein as a "re-
cording system." The recording system 8 may include
devices (none shown separately) for detecting and mak-
ing a time indexed record of signals generated by each
of seismic sensors (explained further below) and for ac-
tuating electrically powered seismic sources 10 at select-
ed times. The recording system 8 may also include de-

vices (none shown separately) for determining the geo-
detic position of the survey vessel 4 and the various seis-
mic sensors.
[0014] As illustrated, the survey vessel 4 may tow sen-
sor streamers 12. The sensor streamers 12 may be towed
in a selected pattern in the body of water 6 by the survey
vessel 4 or a different vessel. As illustrated, the sensor
streamers 12 may be laterally spaced apart behind the
survey vessel 4. "Lateral" or "laterally," in the present
context, means transverse to the direction of the motion
of the survey vessel 4. The sensor streamers 12 may
each be formed, for example, by coupling a plurality of
streamer segments end-to-end as explained in U.S. Pat-
ent No. 7,142,481, the disclosure of which is incorporated
herein by reference. While not illustrated, the sensors
streamers 12 may be maintained in the selected pattern
by towing equipment, such as paravanes or seismic
doors that provide lateral force to spread the sensors
streamers 12 to selected lateral positions with respect to
the survey vessel 4. The sensor streamers 12 may have
a length, for example, in a range of from about 2000 me-
ters to about 12000 meters or longer. In some embodi-
ments, the sensor streamers 12 may have a length of at
least about 2000 meters, at least about 6000 meters, or
at least about 10000 meters. In some embodiments, the
sensor streamers 12 may have a length of about 6000
meters to about 12000 meters. The spread 16 of sensor
streamers 12 may have a width, for example, in a range
of from about 500 meters to about 3000 meters. In some
embodiments, the spread 16 of sensor streamers 12 may
have a width in a range of from about 500 meters to about
1500 meters and, alternatively from about 1500 meters
to about 3000 meters.
[0015] The configurations of the sensors streamers 12
on FIG. 1 is provided to illustrate an embodiment of the
present invention and is not intended to limit the present
invention. It should be noted that, while the present ex-
ample, shows ten sensor streamers 12, the invention is
applicable to any number of laterally spaced apart
streamers 12 towed by survey vessel 4 or any other ves-
sel. For example, in some embodiments, more or less
than ten laterally spaced apart sensor streamers 12 may
be towed by survey vessel 4.
[0016] The sensors streamers 12 may include seismic
sensors thereon at spaced apart locations. For simplicity,
the seismic sensors are not shown on FIG. 1. The seismic
sensors may be any type of seismic sensors known in
the art, including hydrophones, particle velocity sensors,
particle displacement sensors, particle acceleration sen-
sors, or pressure gradient sensors, for example. By way
of example, the seismic sensors may generate response
signals, such as electrical or optical signals, in response
to detecting seismic energy emitted from the seismic
sources 10 after the energy has interacted with the rock
formations (not shown) below the water bottom. Signals
generated by the seismic sensors may be communicated
to the recording system 8.
[0017] As illustrated in FIG. 1, the survey vessel 4 may
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further tow seismic sources 10 that a distributed behind
the survey vessel 4 at spaced apart locations. In the il-
lustrated embodiment, the seismic sources 10 are ex-
tended along the middle of the spread 16 of the sensor
streamers 12. The seismic sources 10 may be any suit-
able electrically powered source for subsurface seismic
surveying that generates seismic energy when actuated
in the body of water 6. For example, the seismic sources
10 may be electro-mechanical vibrators, electrical ma-
rine vibrators, electromagnetic sources, sources employ-
ing piezoelectric material, sources employing magneto-
strictive material, or any other suitable electrically pow-
ered seismic source. Although conventional seismic
sources, such as air guns, may be electrically triggered,
they are not considered electrically powered as they uti-
lize air for generation of the seismic energy. In some em-
bodiments, the seismic sources may be operated at the
same time by use of orthogonal signals using cross-cor-
relation properties such as pseudo-noise signals. One or
more of the seismic sources 10 may be an array of indi-
vidual seismic sources (e.g., seismic source array 42
shown on FIG. 6). The seismic sources 10 may be dis-
tributed at spaced apart locations along a source cable
14. For example, the seismic sources 10 may be distrib-
uted on the source cable 14 with a spacing of about 50
meters or more. In some embodiments, the seismic
sources 10 may be distributed on the source cable 14
with a spacing of about 50 meters, about 100 meters,
about 500 meters, about 1000 meters, about 5000 me-
ters, about 6000 meters, or even more. Although only a
single source cable 14 is shown with eight seismic sourc-
es 10, this is for illustrative purposes. It should be under-
stood that the survey system 2 may include multiple
source cables 14 and more or less than eight energy
sources 10 on each source cable 14. Source cable 14
may be in the middle of the spread 16 of the sensor
streamers 12, as illustrated, or source cable 14 may be
offset laterally from the middle of the spread 16.
[0018] The source cable 14 may include electrical con-
ductors (not shown separately) for transferring electrical
current from the recording system 8 on the survey vessel
4 to the seismic sources 10. The source cable 14 may
also include signal cables or fibers for transmitting signals
to and/or from the seismic sources 10 to the recording
system 8. The source cable 14 may also include strength
members (not shown separately) for transmitting towing
force from the survey vessel 4 to the seismic sources 10.
The source cable 14 may have a length in a range of
from about 200 meters to about 2000 meters or longer,
for example. In some embodiments, the source cable 14
may have a length of at least about 1000 meters, at least
about 2000 meters, at least about 3000 meters, or at
least about 4000 meters. In some embodiments, the
source cable 14 may have a length of about 4000 meters
to about 20000 meters or longer. In the illustrated em-
bodiment, the source cable 14 may extend along sub-
stantially the entire length of the sensor streamers 12. In
some embodiments, source cable 14 will be relatively

parallel to the surface of the body of water 6, while in
other embodiments, source cable 14 will utilize depth
control mechanisms to locate the energy sources 10 at
a plurality of different depths.
[0019] FIG. 2 illustrates an alternative embodiment of
the marine seismic survey system 2 in which source ca-
bles 14a, 14b are positioned on the outside of the spread
16 of the sensor streamers 12. As illustrated, the system
2 may include a survey vessel 4 that moves along the
surface of a body of water 6, wherein the survey vessel
4 includes recording system 8. The system 2 may further
include laterally spaced apart sensor streamers 12 on
which seismic sensors (not shown) may be disposed at
spaced apart locations. The system 2 may further tow
source cables 14a, 14b on the outside of the spread 16
of the sensor streamers 12. Seismic sources 10 may be
distributed at spaced apart locations on each of the
source cables 14a, 14b, the source cable being on either
side of the spread 16.
[0020] FIG. 3 illustrates yet another alternative embod-
iment of the marine seismic survey system 2 in which
shorter sensor streamers 12 are used. As illustrated, the
system 2 may include a survey vessel 4 that moves along
the surface of a body of water 6, wherein the survey ves-
sel 4 includes recording system 8. The system 2 may
further include laterally spaced apart sensor streamers
12 on which seismic sensors (not shown) may be dis-
posed at spaced apart locations. As illustrated, the sys-
tem 2 may further tow a source cable 14 having seismic
sources 10 distributed there on at spaced apart locations.
[0021] While the sensor streamers 12 shown on FIG.
3 may be shorter than the source cable 14, a wider spread
16 of the sensors streamers 12 may be used. For exam-
ple, the spread 16 may have a width of at least about
1500 meters. In some embodiments, the spread 16 may
have a width of about 1500 meters to about 3000 meters.
In the illustrated embodiment, the seismic sources 10
may be distributed beyond the proximate and distal ends
of the sensor streamers 12 (with respect to the direction
of movement of the survey vessel 4). By extending the
seismic sources 10, shorter sensor streamers 12 may be
used while still obtaining the desired source-streamer off-
set. As illustrated, the seismic sources 10 may be dis-
tributed a distance of at least 500 meters and up to about
6000 meters beyond the proximate and distal ends. In
some embodiments, the seismic sources 10 may be dis-
tributed over a distance that is from about 2 times to about
4 times the length of each sensor streamers 12. For ex-
ample, the seismic sources 10 may be distributed over
a distances that is about 3 times the length of each sensor
streamers 12. In one particular embodiment, the sensor
streamers 12 may each have a length of about 6000 me-
ters while the seismic sources 10 are distributed over a
distances of about 18000 meters with the seismic sourc-
es 10 extending a distance of about 6000 meters between
the proximate and distal ends of the sensor streamers 12.
[0022] By distributing the seismic sources 10 at spaced
apart locations as shown in FIGS. 1-3, a multi-azimuth
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seismic survey may be conducted in accordance with
embodiments of the present invention. More particularly,
the seismic sources 10 may be able to better illuminate
the target subsurface rock by shooting their respective
seismic energies downward from different directions. In
this manner, the overall target illumination may be more
uniform and more complete. In contrast, due to limitations
with air guns and their corresponding sources cables that
are conventionally used in seismic surveys, multi-azi-
muth surveys typically require multiple vessels so that
the seismic sources can be arranged to have different
shooting directions. Accordingly, present embodiments
may enable multi-azimuth seismic surveys using a single
survey vessel while conventional seismic surveys utilize
two or more vessel to achieve the necessary spacing of
seismic sources need for multi-azimuth surveying.
[0023] As described previously, the seismic sources
10 shown on FIGS. 1-3 may include any suitable electri-
cally powered source for subsurface seismic surveying
that generates seismic energy when actuated in the body
of water 6. FIG. 4 illustrates an embodiment of an elec-
trical marine vibrator, e.g., a flextensional shell-type
source 18, that may be implemented into the systems of
FIGS. 1-3. As illustrated, the shell-type source 18 may
include a flextensional shell 20 mounted within a frame
22. A bracket 24 may be coupled to the top of the frame
22 and may include apertures 26 which may be used for
deploying the shell-type source 18 into the water. As the
flextensional shell 20 may have an elliptical shape, drag
may be reduced as the shell-type source 18 is towed
through the body of water 6. For example, one flexten-
sional shell-type source is explained in U.S. Patent No.
7,881,158, the disclosure of which is incorporated herein
by reference. It should be noted that the shell-type source
shown on FIG. 4 is merely illustrative and is not intended
to limit the present invention. Other suitable configura-
tions of electrical marine vibrators may be used in ac-
cordance with embodiments of the present invention.
[0024] Referring now to FIG. 5, a towing arrangement
for a flextensional shell-type source 18 is shown in more
detail in accordance with embodiments of the present
invention. The shell-type source 18 may be coupled to
flotation device 28 by one or more suspension lines, such
as holding wire 30 and lifting wire 32. The holding wire
30 may be selected so that the shell-type source 18 may
be operated at a selected depth in the body of water 6.
In some embodiments, the depth may be about 1 meter
to about 150 meters and alternatively from about 1 meter
to about 50 meters. In alternative embodiments, the
depth may be at least about 1 meter, at least about 15
meters, at least about 150 meters or deeper. Lifting wire
32 may be used to lift the shell-type source 18 as needed
to adjust its depth in the body of water 6 or for retrieval
or deployment. As illustrated, there may be pulley 34 on
the shell-type source 18 to facilitate this adjust with lifting
wire 32. Flotation device 28 may be used to suspend the
shell-type source 18 in the body of water 6. As illustrated,
a tow rope 36 or other suitable line may be coupled to

the flotation device 28, for example, to transmit towing
force from the survey vessel 4 (e.g., shown on FIGS.
1-3). A cable 40 may extend from the tow rope 36 to the
shell-type source 18 to assist in positioning in the body
of water 6. A separate signal line 38 may also be used
to transmit signals and/or power to the shell-type source
18, for example. It should be noted that the towing con-
figuration shown on FIG. 5 is merely illustrative and is
not intended to limit the present invention. Other suitable
towing configurations may be used in accordance with
embodiments of the present invention.
[0025] As previously mentioned, the seismic sources
10 shown on FIGS. 1-3 may include an array of individual
seismic sources. FIG. 6 illustrates a seismic source array
42 in accordance with embodiments of the present in-
vention. The seismic source array 42 can be incorporat-
ed, for example, into the marine seismic survey systems
2 shown on FIGS. 1-3. As illustrated, the seismic source
array 42, includes a plurality of individual seismic sources
44. In some embodiments, the individual seismic sources
44 may operate at different frequency bands and different
depths depending on the frequency band. For example,
one or more of the individual seismic sources 44 may
operate at different depths from the other of the sources
44. Each of the individual seismic sources 44 may be
coupled to flotation device 46 by one or more suspension
lines 48. The suspension lines 48 may be selected so
that the individual seismic sources 44 may be operated
at a selected depth in the body of water 6. In some em-
bodiments, the depth may be about 1 meter to about 3
meters. In alternative embodiments, the depth may be
at least about 1 meter, at least about 3 meters, at least
about 9 meters or deeper. Signal and/or power lines (not
shown separately) may also be used to transmit power
and/or signals to the individual seismic sources 44 from
the survey vessel 4 (e.g., shown on FIGS. 1-3). Flotation
device 46 may be used to suspend the individual seismic
sources 44 in the body of water 6. As illustrated, a tow
rope 50 or other suitable line may be coupled to the flo-
tation device 46, for example, to transmit towing force
from the survey vessel 4 (e.g., shown on FIGS. 1-3). It
should be noted that the configuration of the seismic
source array 42 shown on FIG. 6 is merely illustrative
and is not intended to limit the present invention. Other
suitable configurations of the seismic source array 42
may be used in accordance with embodiments of the
present invention. For example, FIG. 7 illustrates a seis-
mic source array 42 comprising three sets 43a, 43b, 43c
of individual seismic sources 44a, 44b, 44c, wherein the
sets 43a, 43b, 43c are each held at a different depth in
the body of water 6.
[0026] An example implementation for controlling one
or more electrically powered seismic sources 10 is shown
on FIG. 8. As illustrated, an in-water system 50 and an
onboard system 52 may be used in control of the seismic
source 10. The onboard system 52 may be part of the
recording system 8 shown on FIGS. 1-3, for example.
The onboard system 52 and the in-water system 50 may
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be coupled by a source cable 14. The source cable 14
may include electrical conductors (not shown separately)
for transferring electrical current from the onboard sys-
tem 52 to the in-water system 50. The source cable 14
may also include signal cables or fibers for transmitting
signals to and/or from the in-water system 50 to the on-
board system 52.
[0027] As illustrated, the in-water system 50 may in-
clude the one or more seismic sources 10. A seismic
source 10 may include a controller 54, which may be, for
example, a microprocessor-based controller, program-
mable logic controller, or similar device. The controller
54 may be coupled to the source cable 14 for receiving
and/or transmitting signals to and/or from the onboard
system 52. The controller 54 may receive, for example,
near-field hydrophone signals, temperature, internal
pressure, and external pressure, among others, which
then may be sent to the onboard system 52 for quality
control. From the onboard system, the controller 54 may
receive the source sequence, for example. The seismic
source 10 may also include an electrical driver 56, which
may be used to generate the seismic energy. The elec-
trical driver 56 may be coupled to a power modulator 58.
The power modulator 58 may receive direct current pow-
er from the onboard system 52. Because the onboard
system 52 transmits direct current power which is then
converted in the seismic source 10 to modulated current
power, there may be less power losses associated with
the transmission of power over the long source cable 14
that may be needed. This may be of added advantage if
electromagnetic sensors are deployed in conjunction
with in-water system 50. The power modulator 58 may
output modulated current power to the electrical driver
56. The in-water system 50 may also include a near-field
sensor 60, which may be a conventional seismic sensor,
such as hydrophones, particle velocity sensors, particle
displacement sensors, particle acceleration sensors, or
pressure gradient sensors, for example. The near-field
sensor 60 may be positioned to detect the source signa-
ture of the adjacent seismic source 10. In some embod-
iments, the source signature may be combined with the
source signatures detected by the other near-field sen-
sors 60 in a seismic source array (e.g., seismic source
array 42 shown on FIG. 6). Sensor electronics 62 for the
near-filed sensor 60 may be disposed on the adjacent
seismic source 10. Sensor electronics 62 may include,
for example, an accelerometer, temperature sensors,
and the like. The seismic source 10 may also include
additional electronics, such as pressure sensors 64 for
pressure compensation and temperature sensors 66 for
a cooling system. A handling system 68 may be coupled
to the seismic source 10, which may include a floats and
a system for varying depth of the seismic source 10, such
as pulleys, ropes, cables, and/or the like.
[0028] As illustrated, the onboard system 52 may be
coupled to the in-water system 50 by way of the source
cable 14. The onboard system 52 may include a power
supply 70. The power supply 70 may supply the in-water

system 50, for example, with direct current power. In
some embodiment, the power supply 70 for the onboard
system 52 may be coupled to the vessel’s power system
72. The onboard system 52 may also include a control
system 74. The control system 74 may generate and
send the control signals such as the source sequence to
the in-water system 50 for actuation of the seismic source
10. The control system 74 may include, for example, any
microprocessor-based controller, programmable logic
controller, or similar device. The control system 74 may
be coupled to a user interface 76 for the seismic source
10, which may include a monitor, keyboard, or other
equipment, to allow a user to receive and input data. The
control system 74 may also receive input from a naviga-
tion system 78. From the navigation system 78, the con-
trol system 74 may receive an indication of when to start
the source sequence based on vessel position, for ex-
ample. The navigation system 78 may generate the start
indication based on position data 80. The position data
80 may include current position of the seismic source 10
based on data from a global position system, acoustic
data, or information, that may be received from seismic
source 10, for example. The navigation system 78, for
example, may also use historical data 82 concerning
source locations from previous surveys to steer the
sources to a desired position to repeat a survey. The
onboard system 52 may also include a recording system
84 for recording the source signal and near-field data.
The source signal and near-field data may be used for a
number of functions, including quality control. A separate
recording system 86 may be used to record data gener-
ated by the near-field sensor 60, which may also be used
for quality control.
[0029] As will be apparent to one of ordinary skill in the
art with the benefit of this disclosure, onboard system 52
may be coupled to a plurality of in-water systems 50 to
provide for various electric-powered seismic source con-
figurations, such as those illustrated in FIGS. 1-3. Since
traditional seismic sources, such as air guns, are typically
supplied with air from compressors on the vessel through
an umbilical line, air pressure requirements may limit us-
age of traditional seismic sources in such configurations.
In some instances, traditional seismic sources may be
used in conjunction with electric powered seismic sourc-
es to more fully exploit the various source configurations
herein described.
[0030] Therefore, the present invention is well adapted
to attain the ends and advantages mentioned as well as
those that are inherent therein. The particular embodi-
ments disclosed above are illustrative only, as the
present invention may be modified and practiced in dif-
ferent but equivalent manners apparent to those skilled
in the art having the benefit of the teachings herein. Al-
though individual embodiments are discussed, the inven-
tion covers all combinations of all those embodiments.
Furthermore, no limitations are intended to the details of
construction or design herein shown, other than as de-
scribed in the claims below. It is therefore evident that
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the particular illustrative embodiments disclosed above
may be altered or modified and all such variations are
considered within the scope and spirit of the present in-
vention. All numbers and ranges disclosed above may
vary by some amount. Whenever a numerical range with
a lower limit and an upper limit is disclosed, any number
and any included range falling within the range are spe-
cifically disclosed. Moreover, the indefinite articles "a" or
"an," as used in the claims, are defined herein to mean
one or more than one of the element that it introduces.
Also, the terms in the claims have their plain, ordinary
meaning unless otherwise explicitly and clearly defined
by the patentee. If there is any conflict in the usages of
a word or term in this specification and one or more patent
or other documents that may be incorporated herein by
reference, the definitions that are consistent with this
specification should be adopted for the purposes of un-
derstanding this invention.

Claims

1. A marine seismic survey system comprising:

a survey vessel;
a plurality of seismic sources configured to be
towed by the survey vessel, wherein the seismic
sources are electrically powered and are distrib-
uted behind the survey vessel at spaced apart
locations with a spacing of about 50 meters or
more; and
a plurality of sensor streamers configured to be
towed.

2. The system of claim 1, wherein the plurality of sensor
streamers are configured to be towed by the survey
vessel.

3. The system of claim 1 or claim 2, wherein the seismic
sources are distributed on a source cable coupled
to the survey vessel.

4. The system of any of the preceding claims, wherein
the spacing of the seismic sources is about 100 me-
ters or more, preferably 1000 meters or more.

5. The system of any of the preceding claims, wherein
the seismic sources are distributed along the middle
of a spread of the sensor streamers, or wherein the
seismic sources are distributed on a plurality of
source cables, for example the seismic sources are
distributed on two source cables, each of the two
source cables being on either side of a spread of the
sensor streamers.

6. A marine seismic survey system comprising:

a source cable having a length of at least about

1000 meters;
a plurality of seismic sources, wherein the seis-
mic sources are electrically powered and are
distributed at spaced apart locations on the
source cable with a spacing of about 100 meters
or more; and
a spread of sensor streamers, wherein the
source cable extends along the middle of the
spread of the sensor streamers.

7. The system of claim 6, wherein the seismic sources
are distributed over a distance that is about 2 times
to about 4 times the length of each of the sensor
streamers.

8. The system of any of the preceding claims, wherein
at least one of the seismic sources comprises a shell-
type source, wherein the shell-type source compris-
es an elliptically shaped flextensional shell.

9. The system of any of the preceding claims, wherein
at least one of the seismic sources comprise an array
of individual seismic sources.

10. The system of any of the preceding claims, wherein
at least one of the seismic sources or individual seis-
mic sources operates at a different depth than the
other seismic sources or individual seismic sources.

11. The system of any of the preceding claims, wherein
the seismic sources are distributed beyond the prox-
imate and distal ends of the sensors streamers, pref-
erably at least 500 meters beyond the proximal and
distal ends of the sensor streamers.

12. A method of marine seismic surveying comprising:

towing a plurality of electrically powered seismic
sources from a survey vessel, wherein the seis-
mic sources are distributed at spaced apart lo-
cations with a spacing of about 50 meters or
more;
actuating the seismic sources;
towing a plurality of sensor streamers; and
detecting seismic energy generated by the seis-
mic sources,

wherein the plurality of sensor streamers are prefer-
ably towed by the survey vessel.

13. The method of claim 12, wherein at least one of the
seismic sources is towed at a different depth than
the other seismic sources.

14. The method of claim 12 or claim 13, wherein the
seismic sources are towed along the middle of a
spread of the sensor streamers, or on either side of
a spread of the sensor streamers.
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15. The method of any of claims 12 to 14, further com-
prising transmitting direct current power to the seis-
mic sources, wherein the seismic sources convert
the direct current power to modulated current power.
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